INTRODUCTION
Obesity is recognized as a risk factor in most chronic diseases1). Various indices are used to evaluate the degree of obesity, most of which are usually calculated based on height and body weight2,3).
However, obesity indices calculated based on height and body weight occasionally differ with respect to the excessive accumulation of body fat4). Thus, they have limits in the assessment of health risks to the obese. In recent years, long-term weight history has been considered as an excellent index for evaluation of health risks in individual subjects5,6)
Our recent research7) has shown that subjects whose body weights have increased more than 7 kilograms since their adolescence have exacerbated medical problems associated with ischemic heart diseases.
However, how the health risks are influenced by the temporal course of weight gain remains to be elucidated. Currently, the rate of weight gain is considered to be a useful index for selecting persons at high risk when health education for obese persons is carried out.
The purpose of this study was to elucidate epidemiologically the health risks induced by the temporal course of weight gain utilizing an occupational medical database.
SUBJECTS AND METHODS
Company medical records of 1,627 male employees from their dates of hiring were collected. The subjects for analysis were selected from the 1,627 employees based on the following two criteria for eligibility.
1. The subject had undergone health checkups on more than 20 occasions since being hired. 2. Weight gain since adolescence has exceeded 7 kilograms.
The subjects were divided into three groups according to the temporal course of their weight gain.
Subjects who experienced weight gains of more than 5 kilograms per 5 years were defined as the rapid weight-gain group. The moderate weight-gain group was defined as the subjects who gained less than 5 kilograms per 5 years. The miscellaneous group was defined as the subjects who had shown temporary weight loss during the observation period.
One hundred and sixty-seven subjects (38.2%) were assigned to the rapid weight-gain group, 212 (48.5%) to the moderate weight-gain group, and 58 (13.3%) were classified as the miscellaneous weight-gain group. This miscellaneous group was excluded from further analysis. Systolic and diastolic blood pressure, total cholesterol, triglyceride, fasting blood glucose and uric acid were used as the medical test items in this analysis. The methods of measurement have been described in a previous paper8).
The following references were adopthed as the criteria for abnormal levels of the medical test items : systolic blood pressure over 140 mmHg, diastolic blood pressure over 90mmHg, total cholesterol over 230 mg/dl, triglyceride over 200mg/dl, fasting blood glucose over 110mg/dl and uric acid over 7mg/dl. 2. Overall odds ratio adjusted for current relative body weight The Mantel-Haenszel odds ratios10) adjusted for the current relative body weight in the rapid weight-gain group were calculated with the moderate weight-gain group used as control.
The significance of the odds ratio was tested using its 95% confidence interval10) 4. Multivariate analysis for determining the factors related to the occurrence of abnormal findings The factors which were considered as influencing the occurrence of abnormal findings were evaluated using stepwise logistic regression".
The odds ratio, together with its 95% confidence interval, was calculated on the basis of the regression coefficient and its standard error in the logistic equation10). Table 1 shows the comparison of age and weight history between the different temporal courses of weight gain. Subject age at the completion of weight gain was higher in the moderate weight-gain group than in the rapid weight-gain group. The duration of the weight gain in the moderate weight-gain group was significantly longer than in the rapid weight-gain group, while the current relative body weight and the amount of weight gain in the rapid weight-gain group were significantly higher than those of the moderate weight-gain group. Table 1 Comparison of age and weight history by rate of weight gain.
RESULTS

Comparison of the prevalence between the different temporal courses of weight gain
2. The prevalence of abnormal findings in the different temporal courses of weight gain Table 2 shows the prevalence of abnormal findings of the medical test items in the different temporal courses of weight gain. In the.group whose current relative body weight was equal to and over+10%, 3. Odds ratios adjusted for the current relative body weight Table 3 shows the Mantel-Haenszel overall odds ratios adjusted for the current relative body weight for each medical test item. The Mantel-Haenszel odds ratio for the abnormal fasting blood glucose levels was 2.86 (95% C. I.: 1.35-6.06). There was a significantly high odds ratio for the abnormal fasting blood glucose levels in the rapid weight-gain group. No significant odds ratios were noted for the other medical test items. Table 3 Mantel-Haenszel overall odds ratio adjusted for relative body weight.
Abbreviations are defined in Table 2. 4. Comparison of the weight history for the abnormal fasting blood glucose levels Table 4 shows the comparison of age and weight history. Age, amount of weight gain and current relative body weight were significantly higher in subjects having abnormal fasting blood glucose levels than in those having normal levels.
5.
Multivariate evaluation of the factors related to the occurrence of abnormal fasting blood glucose levels For the purpose of determining the factors related to the occurrence of the abnormal fasting blood glucose levels, stepwise logistic regrssion was performed by selecting these factors and the rate of weight gain as independent variables. Age and rate of weight gain were adopted to the logistic regression for determining the abnormal fasting blood glucose levels. The odds ratio of the abnormal fasting blood glucose levels calculated from the regression coefficient and its standard error was 1.78 (95% C. The overall odds ratio, adjusted for the current relative body weight with respect to abnormal fasting blood glucose levels, was significantly high in the rapid weight-gain group. In addition, even after being adjusted for other factors related to the occurrence of abnormal fasting blood glucose levels by multivariate analysis, the rapid weight-gain group had a significantly high odds ratio. Borkan et al. 13 ) reported that weight gain since adolescence influenced the incidence of abnormal fasting blood glucose levels.. This study clarified that rapid weight gain was a risk indicator for abnormal fasting blood glucose levels even in subjects whose amount of weight gain was similar. In this study, the referral value of glucose intolerance was a fasting blood glucose level of 110mg/ dl. This value of fasting blood glucose differs from the diagnostic criteria for clinical diabetes mellitus17). Therefore, the results of this study did not clarify whether rapid weight gain influenced the incidence of clinical diabetes mellitus. However, glucose intolerance is recognized as a risk indicator for, ischemic heart diseases18). Thus, rapid weight gain may be a useful indicator for detecting persons at high risk from these diseases.
The following two limitations were considered in this study. First, a family history of diabetes mellitus was not surveyed in this study. A hereditary predisposition to diabetes mellitus is known to influence the occurrence of glucose intolerance17). It was not elucidated whether rapid weight gain VOL. 45, No. 4, OCTOBER 1990 constituted an accompanying phenomenon in terms of hereditary predisposition toward glucose intolerance or whether rapid weight gain independently caused glucose intolerance. A family history of glucose intolerance might also have to be taken into account for evaluating abnormal fasting blood glucose levels.
Second, the health status of the subjects at the time they were hired was not confirmed, although normally workers in Japanese companies are considered to be selected on the basis of the health checkups performed on hiring19). It cannot be assumed that persons having glucose intolerance tended to be incorporated into the study samples. Further research will be needed to eliminate the limitations of this study.
However A part of this study was reported at the fifty-ninth annual meeting of the Japanese Society for
Hygiene on May 3rd, 1989 in Akita. This study was supported by a Grant-in-Aid from the Life Insurance Association of Japan.
SUMMARY
Health risks induced by the temporal course of weight gain were studied. Of 1,627 male company employees, 437 subjects were selected as follows. The criteria for eligibility were: 1) A subject must have undergone more than 20 health checkups.
2) The subject's weight gain since adolescence must have exceeded 7 kilograms. Four hundred and thirty-seven subjects were selected using these criteria. The to the rate of weight gain. As a result, 167 were classified as the rapid weight-gain group (defined as a weight gain of more than 5 kilograms per 5 years), 212 were designated as the moderate weight-gain group (less than 5 kilograms per 5 years) and 58 were assigned to a miscellaneous group (temporal weight loss during the observation period). This miscellaneous group was excluded from further analysis. Comparison between the rapid and moderate weight-gain groups indicated that the prevalence of abnormal fasting blood glucose levels was significantly higher in the rapid weight-gain group than in body weight for the abnormal fasting blood glucose level was 2.86 (95% C. I.: 1.35-6.06). To determine the factors related to the occurrence of abnormal fasting blood glucose levels, stepwise logistic regression was performed by selecting the rate of weight gain, age, weight gain amount and current relative body weight as independent variables. Age and rate of weight gain were shown to be significant variables in abnormal fasting blood glucose levels. Accordingly, the rate of weight gain should be used when assessing the health risk induced by obesity.
